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FACIO-SCAPULO-HUMERAL MUSCULAR DYSTROPHY 

 FSHD was first described in 1885 by Landouzy and Déjerine 

 

 

 

 

 

 FSHD is a hereditary neuromuscular dystrophy most frequent in France with an 

incidence of 1 : 14 000 

 FSHD has a variable severity and age onset, but by the age of 20, the penetrance of the 

disease is almost complete  

 The disease is characterized by progressive weakness and atrophy of the facial and 

shoulder girdle muscles, which subsequently spreads to the abdominal and pelvic girdle 

muscles with highly variable expressions 

Louis Théophile Joseph Landouzy  

(1845-1917) 
Jules Déjérine  

(1849 - 1917) 
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FSHD FEATURES  AT THE CELLULAR LEVEL 
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D4Z4 AND THE TRANSCRIPTIONAL CONTROL IN FSHD1 
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 Belongs to DUX proteins family with double homeodomains (Beckers, Gene 2001) 

 

 Transcription factor containing conserved DNA binding domains at the N-terminal region  

 

Epigenetically repressed in somatic tissues, except in germ cells of human testes (Snider, 2010) 

 

 Effects :  

DUX4 

Caspases 3/7 Apoptosis 

PITX1 TP53 MyoD 
Defective 

differentiation 

Glutathione redox 

enzymes 

OXIDATIVE 

STRESS 

(Bosnakovski, EMBO J. 

2008) 

(Dixit, PNAS 2007) 

(Kowaljow, Neuromuscul Disord. 2007) 

DUX4: A CANDIDATE GENE FOR FSHD 

Genes involved in muscle atrophy 

(Vanderplanck, Plos One 2011) 



Upregulated in FSHD 
 
FANCD2:   3,1x 
BRCA2:   3,8x 
BRCA1:                      2.3x 
Rad51:   3,0x 
ERCC1: 
MSH6:  
Rad50: 

DNA REPAIR GENES ARE UPREGULATED IN 

FSHD MYOBLASTS 
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Does oxidative stress affect DNA in FSHD myoblasts? 

 

Is there a link between DUX4, oxidative stress and DNA damage in 

FSHD? 

 

What is the effect of oxidative stress on pathophysiology of FSHD? 
 

 

Questions and Hypothesis DNA DAMAGE AND OXDATIVE STRESS: A ROLE 

IN FSHD? 



γH2AX is phosphorylated in FSHD myoblasts DNA DAMAGE IN FSHD MYOBLASTS  
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TriTek CometScore 

% DNA in tail  DNA break frequency 

Tail length    size of the DNA fragments 

 

Visual analysis 

DNA DAMAGE ASSESSMENT BY COMET ASSAY 

TECHNIQUE 



DNA DAMAGE IN FSHD PRIMARY MYOBLASTS 

FSHD Norm. 
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DNA damage is higher in FSHD as compared to normal primary 

myoblasts 



 DUX4 INDUCES DNA DAMAGE IN FSHD 
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 DUX4 overexpression in human immortalized myoblasts 

 DNA damage was significantly higher in DUX4-overexpressing cells 
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2- DUX4 induces DNA damage in FSHD 

Primary FSHD myoblasts transfected with siDUX4: 

 

DUX4 KNOCKDOWN IN FSHD PRIMARY MYOBLASTS  

 DUX4 knockdown reduces DNA damage in FSHD myoblasts 
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Measurement of the ROS level by Dihydroethidium (DHE) labeling of living cells 

3- DUX4 induces oxidative stress in FSHD myoblasts DUX4 OVEREXPRESSION INDUCES ROS AND CAN 

BE PARTIALLY COUNTERED BY TEMPOL 

ROS level was significantly increased in DUX4-overexpressing immortalized 

myoblasts 

A synthetic anti-oxidant molecule (Tempol) reduced DUX4-induced DNA damage 

and ROS accumulation in DUX4-transfected cells 

 

 DNA damage  by DUX4 involves ROS accumulation in the cell 
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DNA DAMAGE IN FSHD MYOBLASTS IS PROVOKED 

BY ROS 

The level of ROS was 

considerably higher in FSHD 

myoblasts 

Tempol-treated FSHD cells 

demonstrated a level of DNA 

damage similar to that of normal 

cells  



DNA DAMAGE AFFECTS THE MYOGENIC 

DIFFERENTIATION OF FSHD MYOBLASTS 
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Conclusions 

  FSHD myoblasts show a constitutive DNA damage in their nuclei 

 

  The ATM pathway and DNA repaira genes are consitutively activated in FSHD 

myoblasts 

 

  The consitutive DNA damage doesn’t affect the cell cycle progression of FSHD 

myoblasts 

  

  DUX4 expression induces DNA damage in FSHD myoblasts by promoting ROS 

accumulation 

 

 The treatment of FSHD myoblasts with Tempol reduced the DNA damage level 

 

  The treatment of FSHD myoblasts with Tempol during their myogenic 

differentiation improved the phenotype of resulting myotubes  
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Discussion and Pespectives 

  Evaluation of the effect of Tempol on  myogenic differentiation of atrophic FSHD 

cell lines 

 

 Evaluation of the effect of Tempol on  myogenic differentiation of DUX-transfected 

myoblasts: does it correct the atrophic phenotype inducd by DUX4? 

 

  Stress ox on muscle homeostasis: article musaro 2010 

 

 stress ox and gene regulation: MyoD, c-Abl etc 
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II- Nuclear DNA in FSHD myoblasts is resistant to low 

doses of oxidative stress 
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DNA repaira and replication genes are differentially 

expressed in FSHD myoblasts 

DMITRIEV Petr 
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Figure 2 
A 

B 



Figure 3 



Figure 4 

MO37- 500µM H2O2 (24h) 
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Non-treated NO42 

Non-treated MO37 

Normal 
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Figure 5 
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I-Myo DUX4 repaira less efficiently cisplatin adducts 

Cisplatin residues are more important in DUX4-expressing cells as compared to cells 

transfected with GFP 

I Myo-GFP 

I Myo-DUX4 

Cisplatin treatment: 25µM , 2 hours 

Assessment of DNA repaira efficiency 24h and 48h post-treatment 
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No statistically significant differences in cell cycle stage distribution of FSHD cells as compared 

to normal myoblasts (Although several FSHD myoblast lines had higher percentage of S-phase 

cells ) 

 

 

the cell cycle distribution of FSHD cells was tested using BrdU  labeling 

 

FSHD myoblasts demonstrate normal cell cycle 

distribution 

Normal 

FSHD 

P-value = 0.4206  P-value = 0.5476 P-value = 0.2222 
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No statistically significant differences in cell cycle stage distribution of FSHD cells as compared 

to normal myoblasts (Although several FSHD myoblast lines had higher percentage of S-phase 

cells ) 

 

 

the cell cycle distribution of FSHD cells was tested using BrdU  labeling 

 

FSHD myoblasts demonstrate normal cell cycle 

distribution 



I-Myo DUX4 repaira less efficiently cisplatin adducts 

LHNCM2-GFP 

LHNCM2-DUX4 

Cisplatin residues are more important in DUX4-expressing cells as compared to cells 

transfected with GFP 

Cisplatin treatment: 25µM , 2 hours 

Assessment of DNA repaira efficiency 24h and 48h post-treatment 
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Mismatch repair(MMR) – MSH6  

- MSH2–MSH6 heterodimers bind to single base-pair mismatches 
- MMR might occur during DNA replication.  
- Single-stranded DNA breaks occur during MMR 
- The lesion is digested by exonucleases, such as EXO1, and then filled-in by translesional and/or 
replicative DNA polymerases. 

34 



Nucleotide excision repair (NER) – ERCC1 

35 



Base excision repair (BER)  

36 



DSB repair – HR/NHEJ  

DSB is sensed by the Ku80–
Ku70 heterodimer, which 
recruits the DNA-dependent 
protein kinase catalytic 
subunit DNAPKcs, resulting in 
assembly of the DNAPK 
complex and activation of its 
kinase activity  recruitment 
of XRCC4, DNA ligase IV, XLF 
and Artemis, which carry out 
the final rejoining reaction.  

DSB is recognized by the 
MRN (MRE11–RAD50–NBS1) 
complex, which is recruited 
to the DSB to generate 
single-stranded DNA by 
resection.The single-
stranded ends are bound by 
replication protein A (RPA), 
RAD51 and RAD52 and can 
invade the homologous 
template, creating a D-
loop and a Holliday junction, 
to prime DNA synthesis and 
to copy and ultimately 
restore genetic information 
that was disrupted by the 
DSB. 

Rad50 
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Cellular defense  against the toxic effects of oxygen radicals 

Fenton reaction: 
38 
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•Progressive muscle weakness and asymmetric muscle impairment 

FSHD – Clinical manifestations 

 

•  FSHD is characterized by onset of weakness in a characteristic distribution: 

facial weaknessscapular fixator humeral  truncal lower-extremity weakness 

 

•The most common initial symptom is difficulty reaching above shoulder level 

 

• Wide ranging clinical severity : from asymptomatic individuals to wheelchair-dependent individuals 

 

• Muscle and tendon pains related to the muscle disease  in 75% of cases 
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No disease-specific therapeutic strategies : 
 

 

 

 Non steroidal anti-inflammatory drugs to relief the pain 

 

 Exercise: strength training and aerobic exercise (depending on individual disease severity) 

 

 Surgical interventions (eg. Scapular fixation) 

 

Pharmacological strategies have been tested 

 - Corticosteroids 

 - Creatine monohydrate 

 - Myostatin inhibition 

 - Folic acid 

 - Methionine supplementation) … 

 

 Autologous muscle stem cell therapy ?  

FSHD – Current treatments 

No benefit on muscle function or strength 
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 Primary myoblasts derived from FSHD patients used in this study 

DNA damage and DNA repaira efficacy in FSHD 
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0µM  50µM  100µM  1mM  

I-Myo DUX4 

I-Myo DUX4 

I-Myo DUX4 

DUX4 overexpression induces an increase in DNA damage in I-Myo 
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Oxidative attacks by hydroxy radicals on the deoxyribose moiety will lead to the release of free bases 

from DNA, generating strand breaks with various sugar modifications and simple abasic sites (AP sites). 

In fact, AP sites are one of the major types of damage generated by ROS. Aldehyde Reactive Probe 

(ARP; N’-aminooxymethylcarbonylhydrazin-D-biotin) reacts specifically with an aldehyde group present 

on the open ring form of the AP sites. 

The loss of DNA bases and attendant formation of AP sites in DNA occurs spontaneously as a result of 

hydrolytic cleavage of N-glycosylic bonds. AP sites are also generated through glycosylase-catalyzed 

removal of damaged bases during the early stage of base excision repair (BER)  

 

AP sites 
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Pathways involved in mediating cisplatin-induced cellular effects 
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